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Device, system and electric element 



The invention relates to a device provided with a body of an electrically 
insulating material having a first side and, opposite thereto, a second side, electric conductors 
which are anchored in the body being situated on the first side, wherein the body is provided 
with a recess extending fi'om the first side to the second side. 

The invention also relates to an assembly of such a device and an electric 
element, which electric element is secured to the first side of the device in a manner such that 
a surface of the element is accessible via the recess in the body. 

The invention further relates to an electric element comprising a surface 
having contact faces and a functional portion. 

Such a device, and such an assembly, are described in non-prepublished patent 
application IB03/01343 (PHNL020718). The assembly described therein is a camera module 
comprising, as the electric element, an image-processing semiconductor device (image 
sensor) and, in addition, a lens provided on the second side of the device. By virtue of the 
electric conductors anchored in the body, a compact device is obtained. Said body also is the 
carrier of the lens and the semiconductor device. In addition, the device makes it possible to 
apply further integration of fimctionality. 

It is an object of the present invention to provide a device of the type described 
in the opening paragraph, which device is more widely applicable and can be used, in 
particidar, for sensors at a surface of which material has to be applied. 

According to the invention, this object is achieved in that a sectional area of 
the recess on the second side is larger than a sectional area of the recess on the first side of 
the device. Preferably, the sectional area of the recess in a plane parallel to the first side 
increases with the distance to the first side. This is not strictly necessary, however, as the 
recess may alternatively have a first cylindrical portion and a second portion in the shape of a 
truncated cone. 
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By virtue of the adapted shape of the section, material can be readily 
introduced into the recess from the second side, and thus reach a surface on the first side of 
the device. This is particularly advantageous if the material is supplied in liquid form, vapor 
form or gas form. Besides the supply of material, the recess can also very suitably be used for 
the simultaneous removal of material. 

It is noted that it is advantageous, yet not necessary, that the surface of the 
element is directly opposite the first side of the device. It is, for example, not excluded that a 
spacer of a desired Sickness is also provided on the first side, or that a supply device in the 
form of a hose is present on the first side. 

It is further noted that the applicability of the device is not limited to elements 
used in the supply of material to a surface, such as in particular chemical sensors for 
household, industrial and, notably, medical applications, although this already implies a large 
number of possibilities, of which a number will be discussed in more detail herein below. 

Sensors used for carrying out measurements on matter present near the surface 
are manifold. Examples include sensors for gas pressure or air pressure, pH sensors, viscosity 
sensors, temperature sensors. A related application of this type of sensors is the use as an 
actuator, for example, to set a liquid into motion. Another related application is the use of the 
electric element as a processing unit, for example, to separate substances, selectively bind 
substances or selectively release or repel substances. 

An interestuig class of chemical sensors for medical applications is formed by 
biosensors. These sensors are provided, for example, with receptor molecules at the sur&ce. 
By the choice of the receptor molecules, proteins, amino acids, DNA or other desired 
properties can be determined. It is also possible to carry out measurements on biological 
cells. To carry out measurements, these receptor molecules or the acceptor molecules present 
in the liquid are customarily labeled in a maimer known per se to those skilled in the art. By 
virtue of said label, which can be read, for example, optically or magnetically, the molecule 
type and/or the concentration thereof can be measured. Particularly favorable results are 
obtained using magnetic labels in conjimction with sensors comprising magneto-resistance 
elements. 

Other fields of application of the element are those where optical or 
electromagnetic radiation or vibratory waves must be removed fi'om or brought to a surface. 
A first example of such fields of application includes light-emitting devices, in particular 
lamps on the basis of light-emitting diodes (LEDs), wherein the light propagation from the 
diode can be forward-directed as well as laterally directed. The device may also be used for 
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light-receiving or light-detecting devices, wherein as much light as possible should be 
captured. In addition, the device can be advantageously used in conjunction with acoustic 
elements, such as a loudspeaker or a microphone. Even for elements that pick up fields, such 
as magnetic sensors, it may be advantageous to have a direct path from the element to the 

5 second side of the device, while the device simultaneously takes care of removal and supply 
of electric signals and energy and is also used as a carrier. By virtue of the, preferably 
mechanical, anchoring of the conductors, they are firmly fixed in the body, unlike non- 
anchored conductors. This additionally enables the conductors to be embodied such that their 
resolution is sufficiently high that they can be used in combination with advanced elements 

10 having a plurality of contact faces. 

It is further noted that the device does not necessarily comprise a single recess 
and is not necessarily suitable for a single function, but rather may combine a plurality of 
functions. This also applies to the field of application of the chemical sensors and biosensors. 
An example is referred to by the inventors as a microtiter plate. In this case the device 

15 comprises a plurality of parallel- arranged recesses, and this device can suitably be used for a 
corresponding number of electric elements. Subsequently, on the second side of the device, a 
series of channels are provided in a direction that is preferably substantially perpendicular to 
said second side. Customarily, there is one channel for each recess and each element. This 
channel structure may be integrated in the device or attached to it as a separate part. 

20 In a favorable embodiment, a number of electric conductors comprise 

interconnect portions and bonding pad portions, which bonding pad portions have a larger 
diameter than the interconnect portions and are ordered such that they are suitable for electric 
coupling with an electric element arranged on the first side. In this embodiment it is possible 
to place the electric element directly on the first side and connect it both electrically and 

25 mechanically to the device. Various connecting techniques known fi-om the field of assembly 
of semiconductor elements can be used for this purpose, such as wire bonding, flip-chip 
placement using metal balls, the use of anisotropically conductive adhesive or even the use of 
a plurality of conductive particles or compoimds that can be locally provided. In this respect 
it is noted that the element can be connected without previously encapsulating the element 

30 and attaching it to a leadfi^e. That is to say, the element can be placed on the device as a 
"naked die". 

In a favorable modification, the bonding pad portions of the conductors are 
arranged in at least a circle around the recess, in such a manner that the electric element can 
be attached in a flip-chip orientation to the bonding pad portions by means of connecting 
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means. This has the advantage that both the functional part of the element and the contact 
faces may be situated at the same sur&ce. Elements which are more complex than passive 
components presently often comprise six or more contacts and are preferably manufactured 
on a large plate or a wafer. For said manufacture it is veiy advantageous if the contacts are 
5 present on an upper side. As the lower side only has a carrier function, the functionality will 
preferably be accessible also via the upper side for the same reason. Suitable materials for the 
carrier are, inter alia, silicon and glass. 

In a further embodiment the recess is trapezoidal. This seemingly generates 
optimum properties for the flow behavior. 

10 In a further advantageous embodiment, a further electric element is embedded 

in the body, which element is electrically coupled to a number of the electric conductors. By 
embedding further electric elements in the body, the compactness of the assembly can be 
further increased. In addition, the further elements are thus immediately shielded from the 
material flowing at the surface. Besides, the distances to the electric element are short, which 

15 enhances signal integrity and reduces electric losses. This applies in particular if the devices 
are used at higher frequencies. Examples of further electric elements are, first of all, passive 
elements. Furthermore, if the electric element is a sensor, it is favorable to accommodate a 
signal-processing unit, customarily an integrated circuit, in the body. In addition, means for 
signal and energy transfer or supply may be present in the body. Examples of such means are 

20 connectors, antennae, amplifiers, photodiodes for optical communication, batteries and 
further associated electronics as known to those skilled in the art. Like coils, the antennae 
may be integrated in the pattern of electric conductors. 

For various q^plications it is advantageous if the electric conductors extend in 
a number of directions and, in particular, are present also on the second side of the device. 

25 This can be achieved through the mode of their manufacture. For the manufacture of the 

device use is made of a carrier with a sacrificial layer. The electric conductors are present on 
the sacrificial layer. Conductors having an upper layer and a lower layer are manufactured by 
means of an etch process or a plating process. The manufacture takes place such that the 
diameter of the conductors in the lower layer is smaller than that of those in the upper layer. 

30 As a result, the upper layer is mechanically anchored in the electrically insulating material of 
the body, which material is preferably provided by means of an injection molding process 
(insert molding or transfer molding). Subsequently, the sacrificial layer is at least partly 
removed. 
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In particular before the electrically insulating material is provided, electric 
elements may be provided and electrically connected to the conductors. In addition, the 
carrier can be bent. The body may alternatively be composed of various electrically 
insulating materials having different elasticity values. For example flexible parts can be 
5 incorporated in the body. 

A particularly advantageous embodiment of the device is characterized in that 
the conductors comprise a first, a second and a third layer, the bonding pad portions being 
present in the third layer, and patterns in the second layer extending parallel to the first side 
having a smaller section than corresponding patterns in the first layer, and the electrically 

10 msulating material extending into cavities between the patterns in the second layer, thereby 
mechanically anchoring the corresponding patterns in the first layer. A body comprising such 
conductors composed of at least three layers is known, for example, from the non- 
prepublished application WO-IB03/01299 (PHNL021100), which is enclosed herein by 
reference. In said application, the first and the third layer contain copper and the second layer 

15 contains, for example, nickel, chrome, aluminimi or an aluminum alloy. Advantageously, 

bonding layers, customarily composed of NiAu or NiPd, are present at the surface of the first 
and the third layer. If the body does not contain components, a bonding layer at the first layer 
is not necessary. 

In a further embodiment, the body comprises a first part, a second part and a 
20 third part. The recess is situated in the first part, and the third part is situated between the first 
part and the second part. The third part is bent such that the second part extends substantially 
parallel to the first part. In addition, an electric element can be placed on the second part on 
the first side, such that a surface of the element is accessible via the recess in the first part. 
This embodiment has the advantage that the electric element is embedded between the first 
25 part and the second part of the device. By virtue thereof, a good stability is achieved without 
the necessity of providing an encapsulation after the element has been attached to the device. 
A further advantage resides in that the element has a rear surface which is placed on the 
second part, whereby the dissipation of heat is enhanced. After all, the pattern of conductors 
on the first side of the body may readily comprise a heat sink. The bent part can be made 
30 available by providing an elastic electrically insulating material in the third part, or by 
suitably bendmg the carrier to provide the electrically insulating material. 

In yet another or alternative embodiment, the body comprises a first part, a 
fourth part and a fifth part. The recess is again situated in the first part, and the fifth part is 
situated between the first part and the fourth part. Said fifth part is bent such that the fourth 
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part extends substantially parallel to the first part. Said first and fourth parts enclose a 
channel which connects to tiie recess and is suitable for transporting a fluid. 

Particularly for chemical sensors it is usually insufGcient to provide an 
aperture to the sensor; instead it is necessary to ad£q)t the design of carriers to a continuous 
S flow of a fluid, in particular a solution or a dispersion. By the combination of the first and the 
fourth part, a desired channel pattern can be created in an advantageous manner that is 
suitable for removal and supply of a fluid. 

In the design of the device, consideration must fiuther be taken with adhesion 
of particles fi-om the solution or dispersion to walls of the channels and the recess. A solution 

10 foimd in this case is the application of surface layers and/or the choice of the electrically 
insulating material. In principle there are various possibilities. A further improvement is 
obtained by maintaining the walls of the channels and the recess as smooth as possible. This 
is achieved by means of a setting of the mold used for providing the insulating material. In 
addition, the design of the body is preferably optimized such that the number of dead comers 

15 or disturbing comers in the channels and the recess is minimized. After all, dead comers 
allow material to accumulate and are difficult to clean. Disturbing comers hinder the flow, 
leading to unpredictable behavior of the fluid in the device. On the other hand, it is possible, 
if necessary, to shape the channel pattern such that some turbulence develops. This can 
improve the transfer of material to the surface. 

20 The invention also relates to the assembly of the device according to the 

invention and an electric element. That offers the advantages of simple assembly and good 
mechanical stability by the use of the device, which is combined with a conductor pattem and 
a channel pattem, which patterns can be functionally optimized independently of one another. 

Preferably, also contact feces are situated at the surface of the element, which 

25 contact faces are electrically connected to conductors on the first side of the device by means 
of connecting means, said contact faces and the portions of the conductors coimected tiiereto 
being situated opposite each other and being separated fix)m the part of the surface reached 
via the recess. As a result, the functional surfece and the contact faces are situated on the 
same side of the element. They are separated fi-om each other to preclude disturbing effects, 

30 This can be achieved, for example, by providing a ring-shaped surface deformation on the 
first side of the device. An underfill material that surrounds the connecting means, generally 
metal balls of copper, an alloy or solder, is stopped there. Such a technique is known per se 
fi*om US 5,818,1 13 and US 6,605,828. Another modification is the provision of a ring-shaped 
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solder joint between ring-shaped bonding pads on both the device and the electric element. A 
further modification is the provision of a spacer on the device or on the electric element. 

In a favorable embodiment, the assembly in accordance with the invention is 
further provided with a lid on the second side of the device, the lid and the device enclosing a 
S channel that connects to the recess and that is suitable for the transport of a fluid. Instead of 
the integrated lid in the form of a fourth part of the body, it is alternatively possible to 
provide a separate lid that performs the same function. This seems to have the advantage that 
the assembly of lid and device can be separated in a single separating step. By virtue thereof, 
it becomes possible to manufacture the assembly on a large scale. 

10 In particular, it is also possible that a sub-assembly of the device and said lid is 

supplied as a semi-finished product. The use of such a sub-eissembly has the advantage that 
the electric element can be provided in the last phase of the manufacturing process. Besides, 
the element can be adapted as desired without further consequences, provided the number of 
contact faces remains the same. It is also possible that the processes of adapting the electric 

15 element and providing it on the assembly of device and lid is performed by a player in the 
production chain other than the one carrying out the manufacture of said device and said lid. 

In a particularly advantageous embodiment of the assembly, a bulge is 
provided in the lid opposite the recess in the device. By virtue thereof, the thickness of the 
liquid layer and hence the flow properties as well as the material supply can be set. 

20 By providing such bulb, the flow channel height is lowered. As a result the liquid is pushed 
into the cavity. This measure increases the flow-resistance in the cavity so that the fluid tends 
to avoid the cavity for another reason. In order to compensate for this efifect the resistance of 
the flow chaimel along the cavity is increased too. This can be implemented by decreasing 
the height of the flow channel along the cavity or by simple narrowing the flow channel. 

25 It will be obvious that optimization of the flow channel height and width will achieve the best 
performance. 

The invention further relates to an electric element According to the 
invention, this element is provided with a surface having contact faces and a functional 
portion, said contact faces and said functional portion being mutually separated by a 
30 partition. By virtue of this combination, the element is excellently suited for use in the 

assembly according to the invention. In particular, the element has the advantage that it can 
suitably be used in conjunction with material supply to the functional portion of the surface, 
without electric connections extending from the contact faces to a carrier being liable to wear 
caused by said material supply. In a suitable application, the element is a sensor, such as a 
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chemical sensor, and in particular a biosensor with biomolecules such as proteins or amino 
acids at the functional sur&ce. Preferably, the contact faces are arranged in at least one circle 
around the recess. As a result, a layout is obtained which is commonly applied in the 
semiconductor industry. 
S These and other aspects of the invention are apparent from and will be 

elucidated with reference to the embodiment(s) described hereinafter. 



In the drawings: 

10 Fig. 1 is a diagrammatic sectional view of the device; 

Fig. 2a shows the device from the first side in bird's eye perspective; 

Fig. 2b shows the device jfrom the second side in bird's eye perspective; 

Fig. 3 shows the electric element in bird's eye perspective; 

Figs. 4a and b show the assembly fi-om the first and the second side in bird's 
15 eye perspective; 

Figs. 5a and b show the assembly jfrom the first and the second side, in bird's 
- eye perspective, after the application of additional elements; 

Fig. 6a shows the lid fit>m a first side in bird's eye perspective; 

Fig. 6b shows the lid from an opposite, second side in bird's eye perspective; 
20 Fig. 7a shows the assembly after assembly of lid, device and element, fix)m the 

first side of the device in bird's eye perspective; 

Fig. 7b shows the assembly fi-om the second side of the device; 

Fig. 8 is a diagrammatic sectional view of a second embodiment of the 

assembly; 

25 Fig. 9a shows the embodiment of Fig. 8 in bird's eye perspective fi-om the 

second side of the device; 

Fig. 9b shows this embodiment fi-om the first side of the device; 
Fig. 10 shows a number of stages of the manufacture of a third embodiment in 
accordance with the invention. 

30 

The drawings are not to scale and like parts in different drawings are referred 
to by like reference nimierals. 
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Fig. 1 is a diagrammatic sectional view of a first embodiment offbe device 10 
comprising, in this example, a semiconductor element 20 which is recessed in the device. 
This, however, is not necessaiy . Although not shown in this sectional view, recesses and 
contacts placed according to the specifications can be readily fomied, as will be understood 
5 by those skilled in the art. 

The device comprises a carrier 30 having a first metal layer 1 1, an 
intermediate layer 12, a second metal layer 13. In this example, the first and the second metal 
layer 1 1, 13 contain Cu and the intermediate layer contains Al 998101. The carrier 30 further 
comprises a first etch mask 14 and a second etch mask 17. The first and the second etch mask 

10 14, 17 each have a bonding layer of NiPdAu. The carrier 30 is patterned fi-om the first side by 
means of the first etch mask 14, thereby forming apertures 15 and connection conductors 31- 
35, This was carried out by means of an etching process in which first the first metal layer 1 1 
was etched and subsequently the intermediate layer 12 was etched, thereby forming the 
recesses 16 in the side faces of the connection conductors 31-35. Subsequently, the 

15 semiconductor element 20 having connection regions 21 is connected to the connection 

conductors 31-35 by connection means 22, in this case bumps of Au. For this purpose use is 
made of a flip-chip technique. Next, the encapsulation 40 is provided. As said encapsulation 
40 extends into the recesses 16 of the carrier, a mechanical anchoring effect is achieved. 
Subsequently, the second metal layer 13 is patterned by means of the second etch mask 17. 

20 This is achieved by placing the device in an etch bath which selectively removes the second 
metal layer 13 with respect to both the intermediate layer and the second etch mask 17. The 
apertures 15 are subsequently also used to separate the semiconductor devices 10. This has 
the additional advantage that said mechanical anchoring causes the connection conductors 
31-35 to be substantially encapsulated, that is to say, not only at the location of the 

25 semiconductor element 20, but also beyond said semiconductor element. The semiconductor 
device 10 has, for example, the following measurements: approximately 1 by 1 mm. The 
aperture 15 has a width of, for example, 40-100 (im. The thicknesses of the first metal layer 
1 1, the intermediate layer 12 and the second metal layer 13 are chosen to be, respectively, 30 
}xm, 40 \im and 30 )im. Other thicknesses, for example 15 ^m, 15 \im and 70 ^m are also 

30 feasible. Advantageously, a protective layer is present between the contacts 31, 32 to protect 
the interface of copper and aluminimi against delamination. 

Fig. 2a shows, in a bird's eye perspective, the device 10 in accordance with the 
invention from the first side 101. Fig. 2b shows, in bird's eye perspective, the same device 10 
from the second side 102. Tracks 120 are defined in the layers of the carrier 30, as described 
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with reference to Fig. 1 . A recess 1 10 is also formed, which extends from the first side 101 to 
the opposite, second side 102. As is shown particularly clearly in Fig. 2b, the diameter of the 
recess 110 decreases fix>m tiiie second side 102 in the direction of the first side 101. In this 
case, the decrease is monotonous, and the recess 1 10 is trapezoidal. However, this is not 
S necessary. 

Fig. 3 shows, in a bird's eye perspective, the electric element 200 having a 
surface 201 and a carrier side 202 facing away from said surface. At the surface 201, the 
element is provided with a functional area 210 to which, in this case, biological molecules 
such as amino acids or DNA can be bonded in a manner which is known per se. Adjacent 

10 thereto there are contact faces 220 for external contacting. These contact faces 220 are 

arranged, in this case, in a circle around the functional area 210. If necessary, two or more 
circles are also possible. Alternatively, the contact faces 220 may be arranged in an array 
next to the functional area 210. The contact faces are provided with metal or solder balls 221 
in a conventional manner. The functional area 210 and the contact faces 220 are; in this case, 

15 mutu£dly separated by a partition 230, for example of a polymer material having a thickness 
similar to that of the solder balls 221. The element 200 is, in this case, an element having a 
silicon substrate and GMR elements which are incorporated in Wheatstone bridges. The 
measurements are, for example, 1.4 by 1.4 by 0.3 mm. 

Figs. 4a and b show the assembly 500 from the first side 101 and from the 

20 second side 102, respectively, of the device 10, in bird's eye perspective, after the electric 
element 200 has been attached to the device 10. The surface 201 of the element 200 faces the 
first side 101 of the device 10. The element 200 is assembled in such a manner that the 
functional area 210 is accessible via the recess 1 10 and that the contact faces 220 are 
connected to the tracks 120 via the solder balls 221. 

25 Figs. 5a and b show the assembly 500 from the first and the second side 101, 

102, respectively, of the device 10, in bird's eye perspective, after the provision of additional 
elements. The additional elements are a flexfoil 130 for external contacting and a protective 
layer 140 of an electrically insulating material, which is known by the name of globtop to 
those skilled in the art. Preferably, the protective layer 140 also comprises an underfill, which 

30 surrounds the solder balls 22 1 . 

Fig. 6a shows the lid 300 from a first side 301 in bird's eye perspective. Fig. 
6b shows, in bird's eye perspective, the same lid 300 from an opposite, second side 302. The 
lid 300 is provided, in this case, with a channel 310 and with a first and a second connection 
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321, 322. For assembly and manufacture of the lid 300 use can be made of conventional 
techniques, such as insert molding. 

Fig, 7a shows the assembly 500 after assembly of lid 300, device 10 and 
element 200, in bird's eye perspective. The drawing shows the assembly 500 from the first 
5 side 101 of the device 10. Fig. 7b shows the assembly 500 from the second side 302 of the lid 
300. The assembly 500 is a complete biosensor cartridge. To provide the lid 300 on the &st 
side 102 of the device use is made, for example, of an adhesive. The dimensions of the 
resulting biosensor are, for example, 17 by 10 by 3 mm. 

Fig. 8 is a diagrammatic sectional view of a second embodiment of the 
10 assembly 500. Fig. 9a shows the same embodiment as Fig. 8, yet in bird's eye perspective 
from the second side 102 of the device 10. Fig. 9b shows this embodiment from the first side 
101 of the device 10. The assembly is referred to by the invention as a microtiter plate. The 
assembly 500 is provided with a plurality of recesses 110 and corresponding elements 200 
and a corresponding plurality of channels 400 extending in a direction substantially 
15 perpendicular to the device 10. The structure of the channels 400 is formed, in this case, by 
means of injection molding. This structure is integrated in the device 10. 

Fig. 10 shows a mmiber of stages in the manufacture of a third embodiment of 
the device 10 according to the invention. The device 10 is provided with a number of parts, 
i.e. a first part 151, a second part 152, a third part 153, a fourth part 154 and a fifth part 155. 
20 The third part and the fifth part 153, 155 are bent. The fourth part 154 serves as the lid, and 
the second part 152 serves as the carrier of the element 200. In this case, the element 200 is 
provided on the rear side of the plane of the drawing. In this example there is started from a 
foil 30 comprising a first layer 1 1 of copper and a second layer 12 of aluminum. The second 
layer 12 is slightly etched from the side of the first layer, so that underetching takes place 
25 under the tmcks 120 in the first layer 11. Upon the provision of flexible material 41 and non- 
flexible electrically insulating material 42, these tracks 120 are anchored in this material. 
Subsequently, the second layer 12 is removed, the element 200 is provided and the assembly 
500 can be bent and glued so as to obtain the desired final result By virtue of the continuous 
copper tracks 120, the wiring for the element 200 can be integrated with coils and a shielding. 



